Developmental expression, compartmentalization, and possible role in excitotoxicity of a putative NMDA receptor protein in cultured hippocampal neurons.
The mechanisms regulating the expression and localization of excitatory amino acid (EAA) neurotransmitter receptors in neurons of the developing mammalian brain, and roles for these receptors in the plasticity and degeneration of neural circuits are not well understood. We previously isolated and characterized a 71 kDa glutamate binding protein (GBP) from rat brain, and have recently obtained evidence that this GBP is a component of a functional N-methyl-D-aspartate (NMDA) receptor-ion channel complex. We have now used antibodies to this putative NMDA receptor protein to examine its expression and localization, and consequences of its activation in cultured embryonic (18 day) rat hippocampal neurons. Immunocytochemistry and Western blots using monoclonal antibodies to the GBP demonstrated an increase in GBP-positive neurons and their staining intensity with time in culture. GBP was localized to the somata and dendrites of pyramidal-like neurons and was sparse or absent in the axons. The expression and compartmentalization of GBP occurred in isolated neurons indicating that direct cell interactions were not required for these processes. Cell surface staining for GBP occurred in patches on the soma and dendrites. The developmental expression of GBP immunoreactivity closely paralleled the expression of sensitivity to NMDA neurotoxicity. There was a direct relationship between GBP immunoreactivity and neuronal vulnerability to glutamate-induced degeneration; vulnerable neurons stained heavily whereas resistant neurons showed either low levels of staining or no staining. Finally, a GBP antiserum greatly reduced NMDA neurotoxicity (but not kainate neurotoxicity). Taken together, these findings demonstrate the expression of presumptive NMDA receptors within a subpopulation of embryonic hippocampal neurons, and their segregation to the soma and dentrites of pyramidal neurons. This spatial distribution of glutamate receptors among and within neurons is likely to play important roles in regulating the structure of neural circuitry during development, and may also be an important determinant of selective neuronal vulnerability in pathological conditions.